Building-associated chemical hypersensitivity is one of the more topical issues in the occupational and environmental health field today. After years of debate, diverse symptoms of susceptible individuals triggered by extremely small quantities of variable chemicals in indoor air are now recognized as due to multiple chemical sensitivity (MCS) 1, 2) . Historically, there has been another disease entity caused by indoor air pollution. Its set of symptoms, typically headache and mucous membrane irritation, recognized among occupants of nonindustrial buildings such as offices and schools, has been defined as sick building syndrome (SBS) 3, 4) . The relatively higher prevalence of these symptoms among residents of the implicated buildings is a hallmark of SBS 4) . Recently in Japan, indoor air pollution of newly constructed or renovated buildings has become an issue of health concern. Symptoms associated with formaldehyde or other volatile organic compounds (VOCs) emitted from the building are called 'sick house syndrome' (SHS). Though there is no established definition of SHS, it is considered to include both SBS and MCS. The disorder is acquired in relation to building construction or renovation as a documentable source of environmental exposure.
Here we report a patient with MCS suffering mainly from respiratory symptoms due to low-level exposure to airborne chemicals, especially 2-ethyl-1-hexanol, in her office building. Some other building occupants also suffered symptoms related to the central nervous system, respiratory tract, and mucous membrane irritation. This study shows that 2-ethyl-1-hexanol, which is recognized in European countries and the United States as an indoor air pollutant emitted from commercial furniture or carpets with a polyvinyl chloride backing [5] [6] [7] [8] [9] , could elicit acute symptoms in susceptible individuals at a concentration range of µg/m 3 .
Case report
A 61-yr-old female professor of foreign culture and literature visited us in December 2000, complaining of a non-productive cough, throat irritation, and sore eyes when she was in her university buildings ( These symptoms became subjectively severer after fall 1999, when a male professor on the patient's floor started to use ethyl ether and acetone occasionally in his laboratory for the extraction of food ingredients. The strong odor from these solvents could be smelled in the corridor just outside her office whenever experiments were conducted. The air conditioning system on that floor was designed to take the indoor air from the male professor's laboratory and exhaust it in the corridor just outside her office. As a consequence, she had become more sensitive to the airborne chemicals shown in Table  1 , suffering sore throat and coughs anywhere almost immediately and incessantly when she was exposed to them, so that she always wore an activated carbon mask to lower her exposure.
Her main symptoms in the faculty meeting room were throat irritation, cough, and sore eyes, along with headache, heavyheadness, and blurred vision. She also had a slight fever in the evening after spending several hours there. We measured airborne VOC concentrations in Building No. 2 in March and August 2001, when the same symptoms persisted. The results showed that 2-ethyl-1-hexanol was a predominant VOC in indoor air (see next section).
Since her symptoms resembled occupational asthma, peak expiratory flow rates (PEFR) were measured three times a day (morning, afternoon and evening) between January and June 2001. Although there was a decreasing PEFR tendency in the afternoons and subsequent evenings of workdays when faculty meetings were held (from which she recovered on her days off), the extent of variance was about 6% at most, which was not considered significant. Second, provocative spirometry was conducted before, during and after patch tests on 2-ethyl-1-hexanol and phthalates. This provocation test was planned after careful consideration to reduce the risk of asthmatic attack which might have occurred as a consequence of inhalation challenge test. Forced expiratory volume in one second (FEV 1.0 ) and FEV 1.0 % were unchanged, though her throat irritation occurred during the test. No further bronchial provocation test was undertaken because she suffered a slight fever, an abnormal feeling of inflamed oral cavity and could not eat well for 2 d after the spirometry. The patch-tested chemicals were 2-ethyl-1-hexanol, phthalates, and other common VOCs along with standard chemicals designated by the Japanese Society for Contact Dermatitis 10) . The results showed that, among the tested VOCs, ethyl ether, acetoaldehyde and benzaldehyde induced immediate reactions and that ethyl ether, ethyl acetate, ethyl alcohol, acetoaldehyde, and various kinds of oil for cosmetics, soaps, perfumes and drugs induced delayed reactions (Sugiura et al., manuscript in preparation). Her clinical manifestations met the definition of MCS proposed by Cullen and other researchers 1, 2) . She had no history of atopy or respiratory diseases, was a nonsmoker and nondrinker because of the itching sensation and urticaria she experienced after drinking, both of which she first recognized at the age of 24. Another distinct memory was that her skin flared up when a disinfectant ethyl alcohol was applied before an operation at the age of 41. Her father also did not drink.
Measurements of airborne chemical concentrations in Building No. 2
Airborne concentrations of chemicals were measured in the faculty meeting room and the patient's office in Building No. 2 at the end of March 2001. The following measurement was conducted in August 2001 in the above two rooms and additional areas in the same building. Building No. 1 measurements were scheduled for later because it belonged to a different department. VOCs were actively sampled in charcoal tubes (gas tube for organic solvents, Sibata Scientific Technology, Japan) at a height of 1.2-1.5 m above the floor, with an air sampling rate of 1.0 l/min for 24 h. The collected gas was extracted with CS 2 and determined by means of a gas chromatograph with a mass spectrometer (GC-MS). The GC-MS (5890 Series II/5971A, Hewlett Packard, USA) was equipped with a 60 m × 0.25 mm i.d. capillary column coated with a 1.0 µm film of DB-1 (Agilent Technologies, USA). The GC oven temperature was first maintained at 45°C for 5 min, then programmed to 300°C at 10°C/min and held at 300°C for 4 min. The analysis was performed with a helium flow rate of 0.9 ml/min under a scan monitoring mode first to cover all the major peaks, followed by a selected-ion monitoring mode targeting 42 chemicals routinely measured in Japan 11) . Carbonyl compounds were collected with diffusive samplers packed with silica gel containing 2,4-dinitrophenylhydrazine (Aldehyde diffusive sampling device, Sigma-Aldrich, Japan). The samplers were left in the rooms for 24 h. Gas collected was extracted with acetonitrile and identified by means of a high-performance liquid chromatograph (LC-9A, Shimadzu, Japan) with UV detection at 360 nm. The analytical column was a Discovery RP-Amide C16 (25 mm × 4.6 mm, SigmaAldrich, USA). The results showed that 2-ethyl-1-hexanol was the predominant indoor air pollutant in Building No. 2 (Tables 2 and 3 ). In March, the difference between the office and the meeting room in 2-ethyl-1-hexanol concentration was about 380 µg/m 3 , whereas the differences in other pollutants were less than 10 µg/m Questionnaire survey of faculty/staff members and PEFR measured by a male professor A questionnaire survey was conducted on 54 faculty (Table 3) . PEFR was measured in a 59-yr-old male professor three times every 
Discussion
The present study revealed that 2-ethyl-1-hexanol, an skin and eye irritant 12, 13) , was a predominant VOC inside Building No. 2. Its concentration was about 400 µg/m 3 in the faculty meeting room, or 2-5 times higher than in the patient's office. In March, the differences between the two rooms in identified VOC concentrations was less than 10 µg/m 3 except for 2-ethyl-1-hexanol, suggesting that it could be a causative chemical involved in sick building symptoms in susceptible individuals.
Norbäck and colleagues recently showed a possible relationship between various symptoms and airborne 2-ethyl-1-hexanol [14] [15] [16] . The maximum concentration of 2-ethyl-1-hexanol in their studies was 20-30 µg/m 3 . Although these concentrations were much lower than those in the present study, 66% of the subjects studied had at least one ocular symptom (e.g., sore or itchy eyes) 16) , and a positive association between asthma symptoms and 2-ethyl-1-hexanol was suggested 14) . The mechanism of respiratory symptoms in the present MCS case is unclear. Although her symptoms resembled cough variant asthma, PEFR or provocative spirometry failed to show an asthmatic pattern. A skin patch test for 2-ethyl-1-hexanol also did not reveal any immediate or delayed reaction. These results suggest that the throat irritation and cough resulted from the irritating nature of 2-ethyl-1-hexanol. As for ethyl ether, ethyl acetate and benzaldehyde (a toluene metabolite), however, our attention was drawn to the possible links between the positive reactions in the patch tests, her symptoms, and the corresponding episodes in which the patient was heavily exposed to the chemicals. It would be reasonable to attribute her sensitization to ethyl acetate and benzaldehyde to the construction of Building No. 3 in 1996, and ethyl ether to her colleague's experiment beginning in the fall of 1999. In contrast, she had been sensitized to ethyl alcohol and/or acetoaldehyde already in her twenties, long before the onset of buildingassociated MCS, namely SHS. Whether nondrinkers are at higher risk for MCS or SHS remains an interesting problem for future research.
Our last discussion concerns the source of 2-ethyl-1-hexanol. It is noteworthy that the 3-yr-old building still emitted the chemical at noticeably higher concentrations than other VOCs whose levels generally decreased significantly within a year after building completion 17, 18) . 2-Ethyl-1-hexanol is a dampness-related emission resulting from the alkaline degradation of the plasticizer di-(2-ethylhexyl) phthalate used in building materials for glue or in carpets with a polyvinyl chloride backing 5, 6, 8) . Follin detected 2-ethyl-1-hexanol in concrete slabs at its highest concentrations beneath a surface covered with vinyl carpet 5) . In the present case, interior materials such as floor tiles, ceiling board and wall cloth appeared to be different in various areas in Building No. 2, but they must share some common building material(s), since 2-ethyl-1-hexanol was the leading pollutant in this building. Finally, it also remains to be clarified how much di-(2-ethylhexyl) phthalate the indoor air contained because the present analysis method could not identify phthalate ester. These remaining questions are at present under investigation. In conclusion, more attention needs to be paid to 2-ethyl-1-hexanol as a possibly causative chemical in sick building symptoms, and its emission controls should be established.
